BACKGROUND. The rigid endoscope developed by Karl Storz in 1961 led to a great advance in diagnosis and surgery and nowadays it is the gold standard in routine ENT practice. In addition, the development of video cameras has enhanced the surgical abilities as well as teaching opportunities in endoscopic sinus surgery.
INTRODUCTION
Functional endoscopic sinus techniques revolutionized rhinosurgery over the past 30 years. Karl Storz developed the rigid endoscope primarily for urology and later used it in other medical fields, including ENT 1 . This allowed the progress in diagnosis and surgery of the nose, paranasal cavities and skull base surgery [2] [3] [4] [5] [6] [7] . The later advance in video technology made possible the visualization of structures on screen with huge magnification and high definition resolution 5, 8 . In 2016, a 3D endoscope was introduced 9 , however it is not routinely used for FESS (functional endoscopic sinus surgery). Another new development used for endoscopes is the "chip-on-the-tip technology".
The "chip-on-the-tip technology" consists in a distal sensor endoscope that is able to meet the requirements of the smallest endoscopes. The distal sensor technology improves (semiconductor manufacturing concerning CCD -chargedcoupled device -and CMOS -complementary metal-oxide-semiconductor) 10 and endoscopes that employ this technology have all the requirements to match the size of contemporary 4mm conventional Hopkins endoscopes. Distal sensor endoscopes are already superior to flexible fiberoptic endoscopes in terms of weight and picture quality 11 . In abdominal surgery, as well as thoracic surgery, the chip-on-the-tip endoscopes are widely spread 12 . The modern flexible endoscopes made with "chipon-the-tip technology" allow perfect visualization and simplify the equipment 13 . We present a prototype of a rigid endoscope for diagnosis and rhinosurgery. The aim of this article 
MATERIAL AND METHODS
The prototype rigid chip-on-the-tip endoscope has the following features: the inner and the outer part. The inner part is a chip on the tip camera with 6 micro LEDs at the top (Figure 1 ).
The distal sensor used for the prototype is Complementary metal-oxide-semiconductor (CMOS). We have chosen this technology because of the low price and wide assortment of analogue modes. In addition to that, according to most of the future trends for camera producers, the CMOS technology would be further developed 10 . The outer part is a steel tube with a 0-degree lens at the top ( Figure 2 ).
The whole system was connected directly to the PC and no conventional light source was used ( Figure 3) .
Only a single cable is needed for the prototype endoscope, to provide both connections for the camera and electricity for the LED light, both on the top of the device.
For the inner part, we have used a low-cost flexible chip-on-the-tip endoscope with the following parameters: 2 in 1 USB Inspection Camera; Lens Diameter: 5.5mm; Resolution 640*480; Sensor Size: 1/9 inch; Frame Rate: 30fps; View Angle: 66 degree; Operating Temperature: 0 degrees to 60 degrees; Waterproof level: IP67 (IP -International Protection is a standard drawn up by the International Electrotechnical Commission; 6 -resistance to dust; 7 -water resistance).
To examine the performance of the prototype rigid chip-on-the-tip endoscope, we made a test on a plastic cadaver ( Figure 4 ) and also performed physical tests (weight, light, temperature, picture quality), and compared them with the conventional Hopkins endoscopes connected to camera heads.
This was the first test of the rigid chip-on-the-tip endoscope for rhinosurgery and diagnosis. That is why we performed only a physical laboratory test. We performed a comparative study of the prototype endoscope with the conventional rigid Hopkins endoscopes connected to camera heads.
The observed parameters were weight, heat at the top of the endoscope, size, picture quality, costs and ergonomics.
The weight was measured by digital scale with sensitivity of 0.1g.
For measuring the temperature at the tip of the rigid chip-on-the-tip endoscope for rhinosurgery and diagnosis we used an infrared non-contact thermometer with accuracy of ±2°C.
The temperature at the tip was measured after 60 seconds and compared to the temperature of standard rigid endoscopes.
RESULTS
We have compared the prototype rigid chip-onthe-tip endoscope with the conventional rigid Hopkins 4 mm 0 degree endoscope connected to a camera head. Although we have used low-cost materials and camera, the following parameters mentioned in the table are very promising ( Table 1) .
The well-distributed weight of just 20 grams of Figure 4 Sample images taken with the prototype rigid chip-on-the-tip endoscope on a plastic model of cadaver.
Kukushev et al Rigid chip-on-the-tip endoscope for rhinosurgery and diagnosis the tested prototype makes it much easier to handle compared to the high center mass of the camera head (280 grams) connected to the conventional rigid Hopkins endoscope. These observations objectify the ergonomic advantaged of the rigid chip-on-the-tip endoscope.
DISCUSSIONS
The recent development in semiconductor manufacturing concerning CCD and CMOS has the tendency of improve image quality and reduce costs 10 . The "chip-on-the-tip technology" has many advantages in the field of flexible endoscopy in the ENT practice and multiple studies have shown its benefits [15] [16] [17] . Nowadays, the chip-on-the-tip technology is widely used for rigid endoscopes in the field of laparoscopic and thoracic surgery 12 . The greatest advantage of the rigid chip-on-thetip technology compared to conventional Hopkins endoscopes connected to camera heads is the picture quality.
The Hopkins endoscopes, widely used in the ENT practice, composed of lenses (including rod lenses) combined with the camera head, have greater chromatic aberration compared to the rigid chip-on-the-tip endoscopes because the rigid chip-on-the-tip endoscopes use a smaller number of lenses. This is the reason why the rigid chip-onthe-tip technology has a more realistic visualization with smaller chromatic aberration 18 . The experiment was funded by the first author himself and costs are less than 100$. Despite the low costs, it has many other advantages compared to the rigid Hopkins endoscope connected to a camera head for rhinosurgery; namely, the weight is approximately 10 times less than the conventional rigid Hopkins endoscopes on the market. The outer part of the rigid chip-on-the-tip endoscope is fully autoclavable, the system is mobile, easy to handle and with a smaller size of the endoscope and accompanying equipment. The inner part is very durable like the flexible chip on the endoscopes, compared to the rigid Hopkins endoscope and camera. Moreover, no camera needs to be attached to the endoscope, providing more space for manipulating instruments, particularly in a four-hand technique.
The prototype's quality of the picture was fairly low compared to standard endoscopes (Figure 4) . The reason is because it is a low-cost experiment made with a cheap CMOS chip. The nowadays rigid and flexible chip-on-the-tip endoscopes use more often more expensive CCD chips. There are already affordable 2 mm CCD chips, hence the authors' opinion that it is a question of time when the conventional rigid endoscopes in the ENT practice will be replaced by rigid chip-on-the-tip endoscopes.
The video quality is still insufficient for surgery because the CMOS chip used in this experiment is low-cost product, but it can still be used for anatomy demonstration purposes. We suggest that such an endoscope would provide low-income countries with the opportunity to have at least better diagnostic possibilities.
CONCLUSIONS
In conclusion, we would like to state once again some of the advantages of the rigid chipon-the-tip endoscope.
All parameters (weight, heat at the top of the endoscope, size, picture quality, costs and ergonomics) of this prototype chip-on-the-tip rigid endoscope compared to the nowadays equipment for FESS surgery show the advantages of the "chip-onthe-tip technology".
The picture quality of the prototype is still insufficient for surgery because of the low-cost chip used for the prototype, but can be used for anatomical demonstrations. However, on the market there are already affordable CCD and CMOS 2mm chips which could be integrated into the rigid chip-on-the-tip rhinoscope.
Nowadays, the "chip-on-the-tip technology" is used in the laparoscopic and thoracic surgery. In the field of flexible endoscopes it is already the gold standard. It has many advantages and our vision is that soon the rigid chip-on-the-tip technology would be standard in rhinology.
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